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Methods Of Etching Silicon Nitride Substantially Selectively 
Relative To An Oxide Of Aluminum And Methods Of Forming 
Trench Isolation Within A Semiconductor Substrate 

TECHNICAL FIELD 

[0001] The invention is related to methods of etching silicon nitride 
substantially selectively relative to an oxide of aluminum, and to methods of 
forming trench isolation within a semiconductor substrate. 



BACKGROUND OF THE INVENTION 

[0002] Integrated circuitry is typically fabricated on and within 
semiconductor substrates, for example relative to bulk semiconductor 
substrates and in semiconductor-on-insulator substrates. One exemplary 
technique for isolating different areas of circuitry includes the fabrication of 
trench isolation within the substrate, for example a bulk monocrystalline 
silicon substrate. For example, trenches are etched within a bulk 
semiconductor substrate and thereafter filled with an insulating silicon 
dioxide material. 
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[0003] The trenches might be lined with one or more insulative materials in 
addition to a primary or bulk insulative and/or semiconductive material(s). 
For example, isolation trenches might be lined with a thermal silicon dioxide 
layer grown from sidewalls of the trenches where such comprise silicon. A 
thin silicon nitride layer might be deposited thereover as a stress buffer 
and/or diffusion barrier layer. The thermally grown silicon dioxide might also 
be formed considerably later in the process, or might be eliminated. 
Regardless, it is typically desirable to leave some of the isolation material 
formed within the trenches to be projecting from the semiconductor 
substrate material at the conclusion of the processing. This typically results 
from an etch of silicon nitride which is typically received over the 
semiconductor substrate adjacent isolation material projecting from the 
respective trenches. 

[0004] The invention was directed to overcoming problems and issues as 
described above, although such is in no way so limited. The invention is 
only limited by the accompanying claims as literally worded, without 
interpretative or limiting reference to the specification, and in accordance 
with the doctrine of equivalents. 
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SUMMARY OF THE INVENTION 

[0005] The invention includes methods of etching silicon nitride 
substantially selectively relative to an oxide of aluminum, and methods of 
forming trench isolation within a semiconductor substrate. In one 
implementation, a method of etching silicon nitride substantially selectively 
relative to an oxide of aluminum includes providing a substrate comprising 
silicon nitride and an oxide of aluminum. The silicon nitride and the oxide 
are exposed to an etching solution comprising HF and an organic HF solvent 
under conditions effective to etch the silicon nitride substantially selectively 
relative to the oxide. 

[0006] In one implementation, a method of forming trench isolation 
within a semiconductor substrate includes forming a silicon nitride 
comprising layer over a semiconductor substrate. A series of isolation 
trenches are formed within the semiconductor substrate using a portion of 
the silicon nitride comprising layer as a mask. After etching the isolation 
trenches, an aluminum oxide comprising layer is deposited over tops and 
sidewalls of the silicon nitride comprising mask and to within the isolation 
trenches to less than fill the isolation trenches. After depositing the 
aluminum oxide, remaining volume of the trenches is filled with isolation 
material. Thereafter, the isolation material is removed effective to expose 
the silicon nitride comprising mask. After such exposing, the silicon nitride 
comprising mask is etched with an etching solution comprising HF and an 
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organic HF solvent under conditions effective to etch the silicon nitride 
comprising mask substantially selectively relative to the aluminum oxide and 
relative to the isolation material. 

[0007] Other aspects and implementations are contemplated. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Preferred embodiments of the invention are described below with 
reference to the following accompanying drawings. 

[0009] Fig, 1 is a diagrammatic sectional view of a semiconductor wafer 
fragment in process in accordance with an aspect of the invention. 

[0010] Fig. 2 is a view of the Fig. 1 wafer fragment at a processing step 
subsequent to that shown by Fig. 1. 

[0011] Fig. 3 is a view of the Fig. 2 wafer fragment at a processing step 
subsequent to that shown by Fig, 2. 

[0012] Fig. 4 is a view of the Fig. 3 wafer fragment at a processing step 
subsequent to that shown by Fig. 3. 

[0013] Fig. 5 is a view of the Fig. 4 wafer fragment at a processing step 
subsequent to that shown by Fig, 4. 

[0014] Fig. 6 is a view of the Fig. 5 wafer fragment at a processing step 
subsequent to that shown by Fig. 5. 
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[0015] Fig. 7 is a view of the Fig. 6 wafer fragment at a processing step 
subsequent to that shown by Fig. 6. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0016] This disclosure of the invention is submitted in furtherance of the 
constitutional purposes of the U.S. Patent Laws "to promote the progress of 
science and useful arts" (Article 1, Section 8). 

[0017] One potential insulative liner material for a trench is aluminum 
oxide, for example as a substitute for the silicon nitride trench liner referred 
to above. A common chemistry for etching silicon nitride adjacent the 
projecting trench isolation material is H3PO4. Unfortunately, it has been 
discovered that the H3PO4 etches aluminum oxide at a considerably faster 
rate than such etches the silicon nitride. This can result in recessing of the 
aluminum oxide to within the trenches below the outermost surface of the 
semiconductive material into which the trenches are etched, and which is 
typically undesirable. 

[0018] The invention is described in a first preferred embodiment in 
connection with Figs. 1-7 in a preferred implementation of forming trench 
isolation regions within a semiconductor substrate. In the context of this 
document, the term "semiconductor substrate" or "semiconductive substrate" 
is defined to mean any construction comprising semiconductive material, 
including, but not limited to, bulk semiconductive materials such as a 
semiconductive wafer (either alone or in assemblies comprising other 
materials thereon), and semiconductive material layers (either alone or in 
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assemblies comprising other materials). The term "substrate" refers to any 
supporting structure, including, but not limited to, the semiconductive 
substrates described above. 

[0019] Fig. 1 depicts a wafer fragment 10 comprised of a bulk 
monocrystalline silicon substrate 12. Other materials and substrates are of 
course contemplated, for example semiconductor-on-insulator substrates. A 
pad oxide layer 14 is formed thereover, and a silicon nitride comprising 
layer 16 is formed over substrate 14/12. An exemplary thickness range for 
layer 14 is from 50 Angstroms to 100 Angstroms, while an exemplary 
thickness range for layer 16 is from 400 Angstroms to 1200 Angstroms. A 
masking layer 18, for example photoresist, is formed over silicon nitride 
comprising layer 16. An exemplary thickness for layer 18 is from 2000 
Angstroms to 8000 Angstroms. 

[0020] Referring to Fig. 2, masking layer 18 has been patterned effective 
to form a plurality of trench mask openings 20 therethrough to silicon nitride 
comprising layer 16. Conventional photolithography or other lithographic or 
non-lithographic methods, whether existing or yet-to-be developed, and 
regardless of the presence of masking layer 18, are of course also 
contemplated. 

[0021] Referring to Fig. 3, silicon nitride comprising layer 16, pad oxide 
layer 14, and substrate material 12 are etched through mask openings 20 
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effective to form the illustrated isolation trenches 22 within semiconductor 
substrate 10, including monocrystalline silicon substrate material 12 in the 
illustrated preferred embodiments. Such is preferably conducted utilizing a 
dry anisotropic etching chemistry, with or without plasma, for example 
comprising ammonia and at least one fluorocarbon. A common chemistry, or 
different chemistries, might be utilized for etching into/through the 
respective materials 16, 14 and 12. Masking layer 18 might remain or be 
removed when etching into substrate material 12. 

[0022] Such provides but one example of etching a series of isolation 
trenches 22 within a semiconductor substrate 10. Any method of etching 
such trenches is contemplated, whether existing or yet-to-be developed, and 
regardless of the presence of layers 14, 16, 18 or other layers. 

[0023] Referring to Fig. 4, masking layer 18 has been removed and a 
thermal oxide layer 24 is grown within trenches 22. An aluminum oxide 
comprising layer 26 is deposited over ("on", as shown) the tops and 
sidewalls of the silicon nitride comprising mask 16 and to within isolation 
trenches 22 to less than fill such isolation trenches. Exemplary thicknesses 
for layers 24 and 26 are about 60 Angstroms each. Aluminum oxide 
comprising layer 26 might be deposited by any method, and might be 
deposited to be in an amorphous or crystalline form. Preferred techniques 
include any existing or yet-to-be developed manners, including for example 
chemical vapor deposition and plasma enhanced chemical vapor deposition. 
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Regardless, deposited aluminum oxide layer 26 is preferably exposed to a 
temperature of at least SOO^'C for at least 30 seconds after deposition to 
form a densified aluminum oxide, in the context of this document, "densified 
aluminum oxide" defines an aluminum oxide layer which has been exposed 
to a temperature of at least 500°C for at least 30 seconds after its 
deposition, and either as a dedicated densification step or in conjunction 
with other processing of the wafer. A preferred manner of forming densified 
aluminum oxide is exposure in an inert atmosphere at ambient pressure to a 
temperature of from SOO^'C to 1100''C for anywhere from 30 seconds to 30 
minutes. 

[0024] Referring to Fig. 5, remaining volume of trenches 22 is filled with 
an isolation material 28. Exemplary materials include semiconductive 
materials (whether doped or undoped) and dielectric materials, for example 
(and preferably) silicon dioxide deposited using high density plasma. 

[0025] Referring to Fig. 6, isolation material 28 has been removed by 
planarizing back effective to expose silicon nitride comprising mask 16, for 
example by chemical mechanical polishing. 

[0026] The above provides but one exemplary manner of providing a 
substrate comprising silicon nitride and an oxide of aluminum. Any manner 
of so providing as just so literally stated, whether existing or yet-to-be 
developed, is contemplated in one exemplary embodiment; and as shown 
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and described in the above preferred embodiment, the substrate comprises 
both an oxide of silicon and an oxide of aluminum. 

[0027] Referring to Fig. 7, silicon nitride 16 (not shown) has been exposed 
to an etching solution comprising HF and an organic HF solvent under 
conditions effective to etch the silicon nitride comprising mask substantially 
selectively relative to aluminum oxide 26 and relative to isolation 
material 28. In the context of this document, a substantially selective etch is 
one which removes the primary silicon nitride material at a rate of at least 
2:1 compared to the isolation material or oxide. An exemplary preferred 
organic HF solvent comprises an alcohol (of course including multiple 
alcohols). In one exemplary embodiment, the alcohol can be aliphatic. In 
one exemplary embodiment, the alcohol can be at least one selected from 
the group consisting of alicyclic, aromatic, and heterocyclic. One exemplary 
organic HF solvent comprises ethanol. 

[0028] Further, exemplary preferred organic HF solvents include polyols, 
for example and preferably etching solutions having one or more polyols 
such that the boiling point of the etching solution is at least ISO^'C. 
Exemplary polyols include glycols and glycerols. More specific examples 
include propylene glycol and ethylene glycol. Additional preferred organic 
HF solvents include carboxylic acid polyols, for example glyceric acid (2,3- 
dihydroxypropanoic acid); 2,3-dihydroxybutanoic acid; 3,4-dihydroxy- 
butanoic acid. 
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[0029] In one preferred implementation, the etching solution comprises 
from 0.1% to 50% by weight water, more preferably from 0.11% to 15% by 
weight water, even more preferably from 0.1% to 5% by weight water, and 
still more preferably has from 0.1% to 1% by weight water. In one even 
more preferred implementation, the etching solution has from 0% to less 
than 0.1% by weight. 

[0030] The preferred quantity of HF in the etching solution is from 0.01% 
to 50% be weight, more preferably from 0.1% to 15% be weight, and even 
more preferably from 1% to 5% by weight. 

[0031] In one preferred implementation, the etching solution consists 
essentially of HF, one or more organic HF solvents, and water, for example 
in any of the above preferred quantities. In one preferred implementation, 
the etching solution consists essentially of HF and organic HF solvent 
(meaning one or more HF solvents). 

[0032] The exposing conditions preferably comprise a temperature of at 
least 60°C, with a range of from 70X to 90X being a specific preferred 
example, although temperatures in excess of lOO'^C are also contemplated. 
The invention was reduced to practice at a temperature of SS^'C to 87°C. 
Any pressure is contemplated, with ambient room pressure being a specific 
and reduction-to-practice example. 
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[0033] An exemplary preferred and reduction-to-practice example 
constituted an etching solution consisting essentially of propylene glycol, HF 
and water. A propylene glycol solution was combined with an HF solution. 
The propylene glycol was 99.8% by weight, with the remaining 0.2% being 
water. The HF solution was 49% by weight HF, with the remaining 51% 
being water. Four percent (4.0%) to about 7,0% by weight of the HF 
solution was provided relative to a mixture of such propylene glycol and HF 
thereby providing approximately 2.0% to 3.5% by weight HF and 
approximately 2.0% to 3.5% by weight H2O, with the remainder being 
propylene glycol and such minor amount of water included therewith. 
Etching conditions included ambient pressure and a temperature of about 
SS^'C. Such resulted in selective etch rates of silicon nitride relative to 
densified aluminum oxide of about 5:1 to 7.5:1, and only slightly less in 
selectivity of etching silicon nitride relative to silicon dioxide (about 2:1). 
High water contents and lower temperatures had a tendency to reduce 
selectivity relative to silicon dioxide more so as compared to selectivity 
relative to aluminum oxide. 

[0034] HF might be provided in the etching solution, for example as 
described above. Alternately by way of example only, 100% HF might be 
bubbled into an organic HF solvent solution towards minimizing water 
content in the etching solution. Alternately by way of example only, a 
manner of providing HF in an etching solution would be by the combining of 
an organic HF solvent with a solution comprising a mixture of NH4F and HCI. 
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[0035] The above exemplary preferred embodiments are believed, by way 
of example only, to suppress the dissociation constant of HF in an organic 
based solvent and the etch of silicon nitride by HF molecules at elevated 
temperature. Etch of aluminum oxide would likely progress faster with free 
fluoride ions -that are formed in the presence of water therefore a silicon 
nitride to aluminum oxide selective etch preferable minimizes water content 
of the solution. Organic HF solvents of ethylene glycol, propylene glycol 
and/or glycerol are believed to be most preferred to establish both such 
goals. Aluminum oxide etch rate and silicon nitride etch rate can be 
adjusted and selectively altered, as will be recognized by the artisan, by 
appropriate selection of HF content, process temperature and water content 
in the etching solution to satisfy specific application goals. 

[0036] Although the invention was described and motivated as above with 
respect to trench isolation fabrication, the invention is in no way so limited. 
The invention contemplates any method of etching silicon nitride 
substantially selectively relative to an oxide of aluminum, whereby a 
substrate comprising silicon nitride and an oxide of aluminum is provided. 
The silicon nitride and the oxide on such substrate are exposed (whether 
initially exposed simultaneously, separately, and by any manner whether 
existing or yet-to-be developed) to an etching solution comprising HF and an 
organic HF solvent under conditions effective to etch the silicon nitride 
substantially selectively relative to such oxide. Regardless, preferred 
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operating conditions in such context are otherwise as described above in the 
etching with respect to the above exemplary trench isolation method. 

[0037] In compliance with the statute, the invention has been described in 
language more or less specific as to structural and methodical features. It is 
to be understood, however, that the invention is not limited to the specific 
features shown and described, since the means wherein disclosed comprise 
preferred forms of putting the invention into effect. The invention is, 
therefore, claimed in any of its forms or modifications within the proper 
scope of the appended claims appropriately interpreted in accordance with 
the doctrine of equivalents. 
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